Workers' attentional failures or inattention toward detecting a hazard can lead to inappropriate decisions and unsafe behaviors. Previous research has shown that individual characteristics such as past injury exposure contribute greatly to skill-based (e.g., attention failure) and perception-based (e.g., failure to identify and misperception) errors and subsequent accident involvement. However, a dearth of research empirically examined how a worker's personality affects his or her attention and hazard identification. This study addresses this knowledge gap by exploring the impacts of the personality dimensions on the selective attention of workers exposed to fall hazards. To this end, construction workers were recruited to engage in a laboratory eye-tracking experiment that consisted of 115 potential and active fall scenarios in 35 construction images captured from actual projects within the United States. Construction workers' personalities were assessed through the self-completion of the Big Five personality questionnaire, and their visual attention was monitored continuously using a wearable eye-tracking apparatus. The results of the study show that workers' personality dimensions-specifically, extraversion, conscientiousness, and openness to experience-significantly relate to and impact attentional allocations and the search strategies of workers exposed to fall hazards. A more detailed investigation of this connection showed that individuals who are introverted, more conscientious, or more open to experience are less prone to injury and return their attention more frequently to hazardous areas. This study is the first attempt to illustrate how examining relationships among personality, attention, and hazard identification can reveal opportunities for the early detection of at-risk workers who are more likely to be involved in accidents. A better understanding of these connections provides valuable insight into both practice and theory regarding the transformation of current training and educational practices by providing appropriate intervention strategies for personalized safety guidelines and effective training materials to transform personality-driven at-risk workers into safer workers. dividual papers. This paper is part of the Journal of Construction Engineering and Management, © ASCE, ISSN 0733-9364.
Introduction
Each year, the construction industry accounts for a disproportionate number of fatalities, lost work hours, and high injury rates (Esmaeili and Hallowell 2012) . The majority of accidents in this sector are caused by workers' human errors, which lead to unsafe actions in high-risk environments (e.g., Beus et al. 2015) . Concurrently, previous studies demonstrated that workers' individual characteristics are one of the causal factors of their unsafe behaviors (e.g., Garrett and Teizer 2009; Hasanzadeh et al. 2017a ) and, among individual characteristics, personality traits have been identified as a significant factor that influences safety behaviors (Cellar et al. 2001; Sing et al. 2014) . Because personality is likely to manifest in the decisions and behaviors of workers, personality traits have been considered one of the predictors of workplace accidents (Kaplan and Tetrick 2011) .
Establishing a link between certain personality traits and accident involvement has been an attractive idea for decades because such a link would enable organizations to screen applicants based on their likely safety behaviors, assign workers to appropriate tasks to minimize the risk of accidents (Clarke and Robertson 2005) , and/ or develop personalized safety training for at-risk workers to improve their hazard identification skill (Hasanzadeh et al. 2017d ). Previous studies have acknowledged the relative importance of personality differences in the involvement of workers in occupational accidents (Clarke and Robertson 2005; Sing et al. 2014) . For instance, meta-analyses conducted by Clarke and Robertson (2005) demonstrated a negative correlation among emotional stability, agreeableness, and conscientiousness as it relates to workplace accident involvement. Additionally, recent studies have suggested that the relationship between personality and accident involvement may be mediated by failures in cognitive processes, such as poor selective attention or distractibility (Fig. 1) . Another potential mechanism connecting personality with attention resides in affective states because affective states influence the items to which an individual attends in a scene and for how long (Hahn et al. 2015) . Although such relationships present opportunities for better linking personality with accidents, lingering uncertainties about the personality elements that best predict the at-risk behaviors that have been considerably understudied.
Historically, the absence of a reliable method for measuring attention has meant that few studies have been able to explore the interactions between personality and cognitive processes to predict the human errors that lead to accident involvements. Recently, however, researchers have started to use eye-tracking technologies to overcome this challenge. Eye tracking is widely accepted as the most direct and continuous measure of attention, given that where one looks is highly correlated with where one focuses attention (Hoffman and Subramaniam 1995) . Because visual cues have a direct impact on attentional allocation, detecting eye-movement patterns provides insight into the allocation of attention. Consequently, researchers have begun to apply eye-tracking technologies to the study of individual characteristics to identify the characteristics that negatively impact attention and increase the likelihood of accidents within the construction industry (e.g., Hasanzadeh et al. 2017a, b) .
Although the impact of personality-relevant behaviors has been studied in relation to eye movements and gaze patterns outside of the construction-safety sector (e.g., Cellar et al. 2001; Sing et al. 2014) , the extent to which construction workers' personality impacts their attentional processes remains an empirical question. To address this important knowledge gap, this study builds on previous studies' outcomes (Hasanzadeh et al. 2017a, b) to determine the relationships between personality dimensions (specifically, the Big Five personality traits) and the attention and hazard identification skills of construction workers when exposed to fall hazards. The outcomes of this study will help determine the extent to which personality dimensions influence workers' attention to subsequently develop reliable leading indicators of human error. The results of this study will also provide a scientific basis for developing safety solutions and personalized training materials that adjust to workers' unique experiences and personality backgrounds. Foreseeably, the present research will better enable managers to prioritize safer construction outcomes when pairing workers with activities. Furthermore, given that the outcomes of this research will cross-validate eye-tracking metrics with personality dimensions, the findings of this study will reduce the need for eyetracking technologies at construction sites.
Literature Review
To better understand the role of attention and personality in accident occurrence, this study conducted a comprehensive literature review regarding attention and construction safety, the theory of personality, methods for measuring personality dimensions, the role of personality in accident involvement, and how personality relates to attention.
Measuring Attention by Monitoring Eye Movements
In general, understanding and using information is highly related to many cognitive processes, including attention, perception, memory, language, imagination, and decision making (Anderson 2005) . Considering that cognitive processes influence the pieces of information to attend to and those to ignore, understanding these processes is key to understanding and assessing behavior. Additionally, cognitive processes have been found to play a significant role in contributing to the human errors that lead to construction accidents. Thus, a better understanding of cognitive processes-especially those impacted by personality-as they relate to construction helps one identify the more predictable varieties of human fallibility and allows for the creation of strategies to avoid such errors.
One important element of cognitive processes is attention. Because humans are finite beings, their capacity for information processing is limited, which influences their attentional abilities. Moreover, emotional arousal, task difficulty, and an observer's interest/motivation related to a task can significantly affect the capacity of mental resources and attentional abilities, among a host of other factors (Duchowski 2007) .
A growing number of psychological and neuropsychological studies have demonstrated a close relationship between attention and eye movements (e.g., Sun et al. 2008) . The simple assumption in most attention studies employing eye-tracking is that by tracking someone's eye movements, the observer's general path of attention can be followed because visual attention is often correlated with cognitive processing. These studies tend to have two measurements of interest: fixations and saccades. Visual information obtains input from fixation points (a relatively stationary eye position of 100-200 milliseconds), whereas saccades move the eye to each fixation location. Because visual information processing is suppressed during saccades, most eye-tracking studies rely on fixation-derived metrics when the critical question of interest is where individuals are looking and for how long. Thus, by tracking eye movements, researchers can identify both what simply drew the observer's attention and what fully captured their attention, which in turn provides clues about how the person perceived the scene. Such insights help reveal perhaps one of the most important functions of attention: how attention guides fixations toward events that are relevant to ongoing behavior (Duchowski 2007) .
In a recent study applying eye tracking to a construction worker's attention, Hasanzadeh et al. (2017a) found that the attentional allocation and hazard identification performance of construction workers can be predicted by tracking their fixation-derived eye-movement metrics. They showed that if workers attend to and identify a hazard, at least one of these two influential metrics changes: fixation count (the average number of times that each subject fixated his or her attention to a specific area within the scene (an area of interest, or AOI) and run count (the average number of times that each participant returned his or her attention to an AOI). For this reason, the present paper focuses on these two fixationrelated metrics as precursors of worker safety hazard identification.
Visual Attention and Construction Safety
In the realm of construction safety research, attention is important because identifying hazardous situations is a complex and multidimensional cognitive process that requires the proper allocation of a workers' attention. As a result, eye tracking has been flourishing in studies related to construction safety (e.g., Dzeng et al. 2016; Hasanzadeh et al. 2016 Hasanzadeh et al. , 2017a Hasanzadeh et al. , 2018a because this tool serves as the most direct method for studying the attention of construction workers. Dzeng et al. (2016) used a set of virtual images in an eyetracking experiment to study the impact of work experience on Fig. 1 . Relationships between personality, failure in cognitive processes, and accident involvement: (a) traditional approach; and (b) alternative approach.
worker attention. The results of their study showed that more experienced workers spent less processing time than less experienced workers and were more confident in identifying hazards. To understand how safety knowledge-especially training, working experience, and injury exposure-influences construction workers' attentional allocation Hasanzadeh et al. (2017a) designed an eye-tracking experiment in which participants identified safety hazards presented in 35 construction site images that were ordered randomly, each of which showed multiple hazards with varying safety risk. The authors found that obtaining sufficient safety knowledge on a job site and improving safety awareness require the interaction of both tacit and explicit knowledge gained through work experience, injury exposure, and interactive safety training.
In a follow-up study, Hasanzadeh et al. (2017b) divided workers into three groups based on their hazard-identification performance to evaluate the impacts of workers' hazard-identification skills on their attentional distributions and visual search strategies. The results of the multivariate analysis of variance (MANOVA) and discriminant function analyses indicated that hazard-identification skills significantly impact workers' visual search strategies: workers with higher hazard-identification skills had lower dwell-time percentages, higher fixation counts, and higher run counts on hazardous areas within construction-scenario images. This study provided a proof-of-concept that certain eye movements metrics are predictive indicators of human error due to attentional failure. Hasanzadeh et al. (2017b, d) also used eye-movement measures to determine the types of hazards that construction workers miss, ignore, or perceive to be insignificant. They found that differences in participants' attentional distributions and the hazard identification of workers with low and high hazard-identification skills stem from hazard type-not the number of hazards-within the scenarios. Further investigation of specific images revealed that at-risk workers dwelt on imminent danger (e.g., workers in dangerous areas) rather than spreading their attentional efforts to search for sources of nonobvious hazards, including electrical hazards, housekeeping hazards, and fall-protection-system-related hazards. The results of this experiment supported personalized safety training that targets at-risk workers.
More recently, Hasanzadeh et al. (2017c) expanded the application of eye-movement metrics to examine how working-memory load impacts a worker's attentional allocation and the detection of potential hazards in construction. Working memory (also known as short-term memory) refers to the mental workspace that offers limited capacity for maintaining information for short durations (Hitch and Baddeley 2017; Gevins et al. 1998) . They conducted an eye-tracking experiment in which the workingmemory load was manipulated. Participants received either high or low working-memory loads (digit strings that were either three or six digits in length) and then were asked to search for hazards in a scene as their visual attention was monitored continuously. The results demonstrated that, as working-memory load increases, the ability of participants to identify hazards decreases-workers under high-load conditions were approximately four times more likely to miss fall hazards than workers under low-memory load conditions. In addition, the results demonstrated that a significant difference exists among the visual search strategies of people under different working-memory loads. This work provided a proof-of-concept that eye movements can be used as indicators of variation in working-memory load among construction workers, which in turn offers opportunities for examining workers' ability to not only remain focused on a task in which they are engaged but also remain situationally aware of the surrounding construction environment. However, lingering unknowns about how personality characteristics mediate hazard-identification skills leave room for better targeting training for at-risk or inattentive workers to prevent construction workplace accidents; this paper attempts to address this limitation.
Big Five Personality Traits and Measurement
The most common definition of personality was introduced by Allport (1937) : "Personality is the dynamic organization within the individual of those psychological systems that determine his characteristic behavior and thoughts" (Allport 1937, p. 28, cited in Hjelle and Ziegler 1976, p. 174) . Considering that understanding personality is essential for explaining and predicting human behavior (Hjelle and Ziegler 1976) , numerous studies have been conducted in the field of psychology to discover the nature and traits of human personality (e.g., Wiggins 1996; Pervin and John 1999; Azucar et al. 2018; Di Fabio and Saklofske 2018) .
One of the most prevalent personality assessments is the Big Five personality traits model, which conducts a factor analysis on self-or peer-rated personality-relevant terms or adjectives extracted from the dictionary. The results show uncorrelated dimensions that can be used to discriminate personal traits. Replicated by several independent studies (e.g., Norman 1963; Borgatta 1964) , this five-factor structure includes: (1) extraversion or surgency (talkative, assertive, energetic); (2) agreeableness (good-natured, cooperative, trustful); (3) conscientiousness (orderly, responsible, dependable); (4) emotional stability or neuroticism (calm, not neurotic, not easily upset); and (5) culture or openness (intellectual, polished, independent-minded).
One of the most reliable methods for measuring personality dimensions was developed by Goldberg (1992) , who gathered a large number of terms to describe a human being and conducted a series of factor-analytic studies to develop and refine the set of 100 unipolar trait-descriptive adjectives. By selecting only adjectives that uniquely defined each factor, Goldberg (1992) indexed each of the five factors using a 20-item scale that had high internal consistency. The 100 adjectives reproduced the expected five-factor structure with extraordinary robustness and provided a standard representation for other studies (Saucier 1994) . Goldberg (1992) also indicated that relatively small sets of variables could serve as markers of the Big Five structure and that even briefer marker sets might be advantageous under certain assessment conditions.
To address the need for a short instrument that measures the prototypical components of the Big Five, Saucier (1994) introduced a selection of only 40 adjectives based on Goldberg's research. The Mini-Marker subset developed by Saucier (1994) consists of fewer uses of difficult items, lower alpha reliabilities and inter-scale correlations, and higher mean inter-item correlations. Beneficially, Saucier's 40-item inventory can be completed by most subjects in a short time and can be expected to produce reasonable Big Five factors, even in rather small samples. In a similar study and with the goal of identifying components that are common across investigators, the Big Five Inventory (BFI) was constructed (John and Srivastava 1999) . The 44-item BFI was developed to represent the Big Five prototype definitions.
The effort to provide simpler methods to measure the personality traits continued and very brief five-and 10-item inventories were developed and evaluated (Gosling et al. 2003) . The rationale for developing very brief inventories was to provide short measures of the personality dimensions when time is limited or brevity is a high priority. Although somewhat inferior to standard multi-item instruments, these truncated approaches can be useful in situations in which the personality assessment is not the main topic of interest, and the diminished psychometric properties associated with brief measures can be tolerated (Gosling et al. 2003) .
In the context of this construction-safety study, although the 100-adjective markers developed by Goldberg (1992) provided a conventional five-factor structure with extraordinary robustness, the test is still lengthy and requires approximately 10-15 min for the subjects (Saucier 1994) . For some research, teaching, and assessment purposes-including those involved in this study-the compounding of 10-15 min can lead to a significant load on the subject's time and patience. Moreover, conceivably, the fatigability or short attention span of some subjects could make very brief measures desirable even in single-target ratings. Alternatively, other very brief inventories [e.g., five-and 10-items by Gosling et al. (2003) ] can address the issue of time, but they are inferior to standard multi-item instruments in terms of sufficiently measuring five personality traits. The set of 40 adjectives introduced by Saucier (1994) can address both concerns about measurement robustness and time constraints. This 40-item inventory can be completed by most subjects in approximately 5 min and can be expected to produce reasonable Big Five factors even in rather small samples. The availability of this short set of Big Five markers broadens the potential application for the Big Five to assessment situations in which brevity is still highly prioritized. As a result, the 40-item inventory developed by Saucier (1994) was selected as the instrument to measure the personality traits of construction workers in this study.
Relationship between Personality Traits and Accidents

Extraversion
No consensus exists in the literature on the relationship between extraversion and accident involvement. Some studies specifically related to traffic accidents have found that individuals who are highly extroverted are significantly more likely to be involved in accidents (Fine 1963; Smith and Kirkham 1981) . Researchers who support a positive association between extraversion and accident involvement explain this relationship by focusing on the role of vigilance and sensation-seeking (i.e., excitement-seeking). Because extraverts have poorer performance under monotonous conditions (such as driving) or in vigilance tasks (Koelega 1992 ), they may not find themselves as invested in the task relative to more introverted individuals. Moreover, extraverts may be more likely to commit fatigue-related errors or get injured (Eysenck 1962) . People who are highly extroverted also tend to be more adventurous and more likely to take risks, which may increase their likelihood of accidents (Golimbet et al. 2007 ). For example, Sutherland and Cooper (1991) found a positive relationship between extraversion and accident involvement in the offshore oil and gas industry. They explained this link by noting that extroverted individuals usually engage in more unsafe behaviors, such as alcohol consumption or cigarette smoking.
In contrast, some studies have found a negative relationship between extraversion and accident involvement (Pestonjee and Singh 1980; Henning et al. 2009 ). These studies have demonstrated that extroverted individuals frequently request more information or data to make decisions, which helps them become better decision makers and increases the level of awareness of their situation (Staw and Barsade 1993) . To date, therefore, the findings relating extraversion to accident involvement have been mixed. Perhaps consequently, Clarke and Robertson (2005) conducted a meta-analysis of these topics and found very little evidence of a significant relationship between accidents and extraversion.
Agreeableness
The findings from the literature on the relationship between agreeableness and accident involvement are relatively consistent ( individuals who score highly on agreeableness have better safety attitudes and are involved in fewer accidents. To explain this negative correlation, researchers have found that individuals with a high degree of agreeableness are characterized by cooperativeness, warmth, kindness, and/or sympathy (e.g., Goldberg 1992; Saucier 1994; Gosling et al. 2003) . These people normally possess strong interpersonal skills and are highly involved in teamwork settings. Because of their cooperativeness, they can effectively collaborate with others to solve problems. In contrast, less-agreeable individuals may be belligerent, hostile, and aggressive, which can increase the likelihood that they will be involved in accidents (Roy and Choudhary 1985) . These people are frequently involved in arguments that cause stress or emotional arousal, which can directly or indirectly increase the risk of accidents (Deffenbacher et al. 1994) . The role of agreeableness is more apparent in activities that require cooperation and teamwork (Barrick and Mount 1991; Mount et al. 1998) .
Conscientiousness
A highly conscientious individual is typically organized, responsible, systematic, dependable, practical, and goal oriented (Saucier 1994; John and Srivastava 1999; Gosling et al. 2003) . Similar to the findings on agreeableness, the literature consistently supports a negative correlation between conscientiousness and accident involvement (Hansen 1989; Cellar et al. 2001; Bogg and Roberts 2004; Clarke and Robertson 2005; Postlethwaite et al. 2009; Henning et al. 2009 ). In an attempt to justify that conscientious individuals are less likely to get involved in accidents, Bogg and Roberts (2004) noted that conscientious people are better at taking care of themselves and engage in fewer risky behaviors, such as drinking, smoking, and drugs, or risky activities that increase the likelihood of accidents at work. Similarly, Clarke and Robertson (2005) have argued that unconscientious individuals who are careless, unreliable, easily distracted, disorganized, or sloppy usually fail to follow the rules and regulations at work, which consequently may lead to a high rate of accidents. More importantly, evidence exists that unconscientious individuals are more susceptible to cognitive failures, which can increase the likelihood of an accident (Wallace and Vodanovich 2003) .
Neuroticism
Neurotic people (low score on emotional stability) are described as nervous, anxious, temperamental, and depressed (Goldberg 1992; Saucier 1994; Gosling et al. 2003) . Most scholars agree that neuroticism is positively correlated with the likelihood of being involved in occupational accidents (Eysenck 1970; Hansen 1989; Sing et al. 2014 ). Sing et al. (2014) analyzed the correlation of neuroticism to accident involvement in the construction sector and observed that neuroticism was highly correlated to both the degree of injury and the number of recorded injuries. A high degree of neuroticism is a main factor in distractibility, and people who score high on neuroticism become nervous or distracted or lose their temper easily while performing a task (Sutherland and Cooper 1991) . More importantly, neurotics typically have a harsh reaction to stressors such as anxiety and fatigue, which impairs their cognitive abilities such as reaction time and judgment, dramatically increasing the likelihood of human errors (Steffy et al. 1986 ). Notably, whereas several studies have confirmed a positive relationship between neuroticism and accident involvement, other studies have shown little or no relationship between those two variables (Cellar et al. 2001; Clarke and Robertson 2005) .
Openness to Experience
The relationship between openness and safety has received little attention because it relates to accident involvement and little consensus exists in the literature. Some studies found a positive relationship (e.g., Lardent 1991; Clarke and Robertson 2005; Robbins and Judge 2014) , whereas others found a negative (e.g., Henning et al. 2009) or no relationship (e.g., Cellar et al. 2001) . Individuals who score high in openness to experience are likely to be curious, creative, imaginative, and intellectual (Saucier 1994; John and Srivastava 1999) . Researchers who have observed a positive correlation between openness and accidents have stated that highly open people are enthusiastic about coping with change and willing to take risks, which may increase the likelihood of accident involvement. Furthermore, people with a high degree of openness are more prone to rule violations, experimentation, and improvisation-all attributes that may increase risk during otherwise routine activities. In contrast, those with a low score on openness are generally good at focusing on the tasks on which they are working and are less likely to be involved in accidents. Studies that have found significant positive correlations between openness and safety attitudes have concluded that more openness is associated with better learning attitudes and training proficiency, making it easier to develop a well-trained workforce (Barrick and Mount 1991; Salgado 1997) .
Visual Attention and Personality
The relationships between personality traits and gazing behavior have been demonstrated in the context of visual information processing (Perlman et al. 2009 ) and social gazing (Rauthmann et al. 2012) . Specifically, Perlman et al. (2009) investigated relationships between visual scan paths in response to emotional facial expressions for people with different levels of neuroticism. In their experiment, participants' eye movements were recorded as they were free-viewing facial expressions, such as happy, angry, fearful, sad, surprised, disgusted, and neutral. Neuroticism was then measured using the Neo Five-factor Inventory (i.e., a measurement tool of the five domains of personality). Perlman et al. (2009) found that a positive correlation exists between neuroticism and the amount of time spent looking at the eyes of fearful faces-a stimulus that is congruent with neurotics' more negative personalities. Rauthmann et al. (2012) investigated the impact of personality traits on eye-movement patterns independent of stimuli. To achieve their objective, Rauthmann et al. (2012) tracked participants' eye movements when viewing two animations with maximum contrasts in terms of color, forms, movements, and velocity. An analysis of the data using linear mixed modeling indicated that the signature of eye movements (i.e., the number of fixations, the mean duration of fixations, and the dwelling time) could be predicted by three personality traits: neuroticism, extraversion, and openness. These findings suggest that how and where people look is related to internal factors such as personality.
In another eye-tracking study, Wu et al. (2014) focused on the relationship between personality traits and social attention. In this study, social attention was measured in terms of the amount of time people were looking at the eye regions of others. During the experiments, eye movements were recorded as subjects freely viewed thirty images featuring human faces. The results of the study indicated that extraversion and agreeableness were related to longer average fixation durations and longer total time spent looking at the eye region while subjects' openness to experience was related to lower average fixation duration on the eye region. The findings of this study implied that personality traits' impact on attention is influenced by the social situations to which viewers are exposed (Wu et al. 2014) .
Although all of these applications of the Big Five traits suggest that personality affects visual attention, questions remain regarding the ways that personality traits impact attentional distribution when workers are exposed to hazards. Accordingly, this paper will examine this concept through a laboratory experiment.
Points of Departure
Construction workers must distribute their attention properly to maintain situational awareness in a dynamic construction site. Improper allocation of attention may expose workers to a hazardous situation and increase their accident involvement. As previously discussed, research has shown that personality traits impact attention, which in turn affect individual behavior. Previous research has also demonstrated the impact of personality traits on attention measures, as observed in eye-tracking outcomes. However, ongoing gaps in knowledge remain regarding which of these factors best explains how workers-especially construction workers-distribute their limited attentional resources when exposed to hazards on the job site.
By harnessing eye-tracking technology to monitor workers' attention when searching for fall hazards in construction scenarios, this study investigates the role of personality dimensions on construction workers' cognitive processes (specifically, attentional allocation and search strategy). Additionally, this study controlled for other attentional factors (i.e., task parameters and environmental variables) in the laboratory to more thoroughly examine the role of personality (as an individual characteristic) on workers' attentional allocation in safety-centric tasks. Thus, to achieve this overarching objective, we examined the following null hypotheses.
• Null hypothesis 1 (H 01 ): No association exists between Big Five personality traits and workers' attentiveness (fixation count or run count) to fall hazards. • Null hypothesis 2 (H 02 ): Workers' Big Five personality traits have no impact on their attentiveness (fixation count or run count) to fall hazards on a construction site. These hypotheses were developed based on the previous work conducted and validated by Hasanzadeh et al. (2017b) wherein Hasanzadeh and her colleagues indicated that two fixation-related attention measures-fixation count and run count-can be used to examine workers' attentiveness to hazards. These hypotheses will be rejected if a personality trait demonstrates a relationship with or impact on one of the two fixation-derived attention measures.
Methodology
To test the research hypotheses, independent variables (i.e., personality dimensions) were collected by distributing the mini-marker Big Five questionnaire to identify the traits that describe the subject's personality and to what degree. The data for the dependent variables (fixation-derived attention measures) were then collected by conducting an eye-tracking experiment in the laboratory in which workers were asked to scan 35 randomly ordered constructionscenario images to identify potential and active-hazards; the images contained a sum of potential and active fall-hazard scenarios. The general procedure can be observed in Fig. 2 . The data collection and analysis processes are described in subsequent sections.
Selection of Construction-Scenario Images
The research team down selected 35 images from a pool of 150 images obtained from the safety managers of the Construction Industry Institute (CII). These scenario images were taken from residential and commercial construction sites across the United States. The selected images were of high quality, and a total of 115 potential and active fall-hazard scenarios ("areas of interest," or AOIs) were included in the images.
Participants
Construction workers at multiple construction sites in Lincoln and Omaha, Nebraska, were targeted as the potential subjects for the current study. Thirty-one construction workers were recruited for this study. All participants had normal or corrected-to-normal vision. Each participant filled out a Big Five questionnaire and a demographics survey related to past experience (Hasanzadeh et al. 2017a) . Then, the subjects participated in an eye-tracking experiment that took approximately 30 min. Of the 31 participants, the data from three participants were excluded from the analysis because the researchers were unable to obtain satisfactory levels of calibration on the eye tracker. The resulting sample size of 28 participants was still sufficient for this experiment because studies on attention and eye movement behavior routinely utilize lower sample sizes compared with survey-style studies given the nature of the data: dozens of eye movements and fixations on each trial across a series of 35 trials. For studies on special populations to have commensurate sample sizes is quite common (e.g., Mogg et al. 2000; Perlman et al. 2009 ). Thus, the small sample size in eye-tracking studies is offset by adding considerably more trials and multiple observations on each trial. In this study, the number of subjects (28), the number of areas of interest (115) (35) performed by each subject make this sample robust enough to conduct the eye-tracking study. Participants were general laborers, 35.5% had fewer than five years of experience, 25.8% had between five and ten years of experience, and 38.7% had more than ten years of experience in the residential and commercial sectors of the construction industry. In terms of training, 60% of participants had received the Occupational Safety and Health Administration (OSHA) 10-h training and the remaining 40% had not received any formal safety training. A total of 69.9% of the participants reported that they had been exposed to an injury on the job site. All of the subjects who participated in this study were compensated with a gift card for their participation.
Big Five Personality Dimensions
Before conducting the eye-tracking experiment, the subjects were asked to fill out a demographic survey and personality assessment questionnaire. The Big Five personality dimensions were assessed using a 40-item mini-marker inventory (Saucier 1994) . As previously described, Saucier (1994) introduced a selection of optimally robust and reliable measures of the subset of 40 adjectives based on the 100-adjective markers of Goldberg (1990) . The Big Five personality questionnaire reflects a set of broad traits identified as follows:
• Extraversion (i.e., bashful, bold, energetic, extraverted, quiet, shy, talkative, withdrawn); • Agreeableness (i.e., cold, cooperative, harsh, kind, rude, sympathetic, unsympathetic, warm); • Conscientiousness (i.e., careless, disorganized, efficient, inefficient, organized, practical, sloppy, systematic); • Neuroticism (i.e., envious, fretful, jealous, moody, relaxed, temperamental, touchy, unenvious); and • Openness to experience (i.e., complex, creative, deep, imaginative, intellectual, philosophical, uncreative, unintellectual). All participants completed the questionnaire and reported how accurately each trait describes themselves using a rating scale ranging from one (very inaccurate) to seven (very accurate). The scores indicated for "bashful," "quiet," "shy," "withdrawn," "cold," "harsh," "rude," "unsympathetic," "careless," "disorganized," "inefficient," "sloppy," "relaxed," "unenvious," "uncreative," and "unintellectual" were reversed, and then all 40 items were summed up for each personality dimension.
Eye-Tracking Experiment
Apparatus
The SR Research EyeLink II (manufactured by SR Research, Kanata, ON, Canada), with a high spatial resolution and a sampling rate of 500 Hz, was used to track and record participants' eye movements to determine where they attended. The EyeLink II uses cameras mounted on the headset to continuously monitor the path of a viewer's focus. Participants were seated approximately 45 centimeters (cm) from the computer screen on which they observed scenario images (Fig. 2) .
Stimulus: Area of Interest
To extract eye-tracking metrics, an AOI-or an overlap or nearoverlap of the stimulus (a hazardous situation) and the fixation points-needed to be defined. As previously mentioned, AOIs are visual environments of interest that the research team defined (Jacob and Karn 2003) . To identify the AOIs, five safety managers reviewed the images to identify fall hazards in each scenario and to determine the hazards' associated risks. All safety managers had more than ten years of experience in residential and commercial buildings. In total, 115 fall-hazard AOIs were identified within the 35 scenario images, including fall to lower level (i.e., a worker is in the proximity of an unprotected edge, unguarded roof and floor openings, scaffolding, skylights); fall-protection systems (i.e., misuse of lanyard and other fall-protection systems); and ladder-related hazards (i.e., improper use of ladders, such as inappropriate type and length of ladder, unsecured straight ladders). The EyeLink Data Viewer Version 1.11.900 was used to map two-dimensional eye movement patterns of subjects to scenario scenes. Then, the eye movement data for each subject were linked to related fall-related AOIs to enable analysis.
Design and Procedure
Four examples of different scenario images are shown in Fig. 3 .
The steps were as follows. First, the eye-tracking system was calibrated before each session. Then, participants were instructed that each image would appear on the screen for a maximum of 20 s, and they needed to identify potential and active hazards within the scene. The subjects' eyes were tracked throughout their viewing of the scenarios. Then, after viewing each scene, the subjects reported the number of identified hazards to the researcher. The screen would then change to reveal the next image. All procedures were approved by the University of Nebraska-Lincoln Institutional Review Board.
Statistical Analysis
Null Hypothesis 1 (H01): No Association Exists between Personality Traits and Workers' Attentiveness to Fall Hazards
To test the first hypothesis (H 01 ), the associations between a personality trait and workers' attentiveness were examined using correlation analysis. In this study, we used Kendall's tau, a nonparametric method that is more appropriate for investigating such associations because: (1) the data have one ordinal and one interval variable; (2) the data are non-normal; (3) it is less sensitive to outliers compared with Pearson's and Spearman's correlation coefficients; and (4) the data set has a large number of tied ranks-indicating that, after ranking, many scores will have the same rank. Therefore, the correlational analyses were performed using SPSS (Statistical Package for the Social Sciences) Version 22.0.
Null Hypothesis 2 (H02): Workers' Personality Traits Have No Impact on Their Attentiveness to Fall Hazards on a Construction Site
To test the second hypothesis (H 02 ) and further explore the difference in the attentional allocation of workers in terms of their personality traits, for each trait, subjects were divided into three groups based on the degree to which the subject demonstrated the personality trait: (1) below the 25th percentile equated to the "low" group;
(2) between the 25th percentile and the 75th percentile served as "moderate"; and (3) higher than the 75th percentile was designated as "high." Then, the differences between the two extreme groups (low versus high) were examined using permutation Welch's t simulation. Permutation simulation was used for two main reasons. First, similar to many other behavioral studies, this study has some limitations regarding the number of subjects and non-random sampling from the population (Ludbrook 1994; LaFleur and Greevy 2009 ); thus, the permutation techniques can help overcome these limitations by reshuffling actual data using resampling without replacement to build large samples (e.g., 10,000 samples) from original data and obtain p-values based on created distributions (Adams and Anthony 1996; Anderson 2005) . Second, the permutation techniques can provide higher power relative to nonparametric tests because it relies on using actual data rather than ranks (Ludbrook and Dudley 1998; Drummond and Vowler 2012) . The deducer package in the Java Graphical User Interface (GUI) for R 1.7-9 of the open-source statistical package R Version R2.15.0 (R Development Core Team 2012) was used to perform permutation analysis. We set significant results at 0.05 (95% statistical significance) and 0.1 (90% moderately statistical significance) alpha levels, as subsequently discussed in greater detail.
Results and Findings
Descriptive statistics and Cronbach's alpha coefficients were calculated for all of the personality traits in the study before the analysis. Table 1 reports the number of items in the questionnaire, means, standard deviations, number of data points, and internal consistency (i.e., Cronbach alpha coefficients) for all personality traits. Because personality scales were collected using a Likert scale, the Cronbach alpha coefficient was used to evaluate the internal consistency of the personality traits. As Table 1 indicates, all Cronbach alpha values are greater than the suggested acceptable level (i.e., reliability coefficient of 0.70 or higher).
As previously mentioned, this study tested two main hypotheses regarding the associations between and the impact of personality traits and workers' attentiveness to fall hazards. Personality traits, which are extraversion, agreeableness, conscientiousness, emotional stability, and openness to experience, are considered independent variables and two attention measures (i.e., fixation and run count) are considered dependent variables. The results of the statistical analysis for each hypothesis are described.
Association between Personality Traits and Workers' Attentiveness
The results of Kendall's tau correlation analysis between the personality traits and measures of attention (i.e., eye-tracking metrics) are presented in Table 2 . The results indicate that the null hypothesis, " no association exists between personality traits and workers' attentiveness to fall hazards," is only rejected for the extraversion and conscientiousness traits. Regarding the direction of the relationships, extraversion is negatively related to the number of fixations (p ¼ 0.060 < 0.1) and the number of runs (p ¼ 0.016 < 0.05); conscientiousness is positively correlated with the number of times fall hazards were visited by workers (p ¼ 0.018 < 0.05).
Although the results of the correlational analyses demonstrate the direction of the relationship between some of the personality traits and various attention measures, they do not indicate how different levels of personality traits affect attention measures. 
Impacts of Personality Traits on Attention
Descriptive statistics for eye-movement parameters (mean and standard deviation) within low and high groups across personality traits can be found in Table 3 . Regarding their attentional allocation, considerable differences between low and high groups can be observed within all personality dimensions. However, inferential analysis is required to examine the significance of these differences.
To study whether the attentional distribution of workers with a low and high rank in each personality trait differs significantly from a purely random arrangement, a permutation of Welch's t-statistic was conducted. In total, 10 permutation simulations (two eye movement metrics for five personality dimensions) were each run 10,000 times to compare attention measures between high and low groups of personality traits. Significant results are indicated in Table 4 . In contrast to the second null hypothesis, the results indicated that the extroversion personality trait has a significant negative impact on worker attentiveness to fall hazards as extroverts (high group) returned their attention less frequently to hazardous areas (Welch's t ¼ 2.077; p ¼ 0.039 < 0.05). Additionally, workers who are highly conscientious distributed their attention significantly differently across hazardous scenes; the run count analyses verified that highly conscientious workers more frequently returned their attention to hazards (Welch's t ¼ -2.728; p ¼ 0.006 < 0.05). The openness to experience trait has a significant impact on workers' attentiveness; workers who are more open to experience returned their attention more frequently to fall hazards (Welch's t ¼ −2.630; p ¼ 0.009 < 0.05). Regarding attentional allocation, agreeableness and neuroticism traits indicated no significant difference across groups. All significant differences are in terms of the run count measure of attention, which is highly related to the hazard identification skill of workers, according to Hasanzadeh et al. (2017b) . These findings are discussed more in the "Discussion" section.
Discussion
Extraversion
The research findings demonstrated that the personality trait of extraversion is significantly related to the attentional allocation of construction workers. Workers who are extroverts are likely to have fewer fixations and return their attention to hazardous areas less often than those who are introverted. Previous eye-tracking studies indicated that workers who return their attention less frequently and fixate less often on hazardous areas have lower hazard identification skills (Hasanzadeh et al. 2017b) . Considering that inability to detect a hazard is a common human error and the root cause of a large number of construction accidents (Garrett and Teizer 2009) , the suggestion can be made that workers who are extroverts will be less likely to attend to hazards or will underestimate safety risks.
The findings of the present study are consistent with existing literature that shows that a high level of extraversion is positively related to the risk-taking behavior of individuals (Sutherland and Cooper 1991; Lajunen 2001; Henning et al. 2009 ). In fact, extroverted individuals have a greater risk propensity, which indicates that they are inclined to take a risk and engage in risky behavior. Additionally, extroverts might have poorer performance under monotonous conditions or in vigilance tasks; they will not get as involved in the task as an introvert will and are more likely to commit fatigue-related errors (Koelega 1992) .
This study also presents data to explain a longstanding expectation about the link between engagement and accidents. Although previous studies have suggested that a lack of engagement with activities (i.e., improper allocation of attention) more frequently yields accidents, previous evidence exists to explain such a claim. The results of this study address this knowledge gap by providing empirical support: because being an extrovert impacts attentional distribution, workers with this personality trait tend to focus less on the potential hazards and are more likely to expose themselves to the risk of injury. In other words, extroverts do not return their attention to hazardous areas frequently enough to identify and assess associated risks and, therefore, are more likely to make an improper decision or commit an unsafe act. This finding reveals an excellent opportunity for safety managers to use personality assessments to preemptively identify at-risk workers who may need additional training or safety management.
Agreeableness
The relationship between the personality trait of agreeableness and the attentional allocation of construction workers was one of the weakest in this study. A nonsignificant difference existed between workers with high and low agreeableness scores in terms of attentional allocation when exposed to fall hazards. Such a result can be explained by turning to the existing literature that examined the relationship between agreeableness and human performance.
Because the agreeableness trait is related to social/interpersonal relations-especially team working (Mount et al. 1998; Rauthmann et al. 2012 )-it might be influential on safety behavior when a group of workers needs to cooperate to accomplish an activity. People with low agreeableness are typically belligerent, hostile, and aggressive. They are frequently involved in arguments that cause stress or emotional arousal within a group. In contrast, highly agreeable people normally possess high interpersonal skills and can effectively cooperate with others to solve problems. Previous studies suggested that crews with highly agreeable members performed effectively in risky activities (e.g., Salgado 2002; Clarke and Robertson 2005) because the group norms established among members supported safety-related behaviors, such as approaching and warning other workers who are engaging in unsafe acts to reduce the probability of accident involvement. Members who are highly agreeable tended to develop such a group norm and apply that to their own behavior (Clarke and Robertson 2005) . Because the scope of the present study was limited to determining the role of personality in individual-level safety (i.e., isolated from other workers) and the images used for the eye-tracking experiment contained minimal social cues, that agreeableness had a limited (nonsignificant) impact on attentional allocation in this experimental context is reasonable.
Conscientiousness
The positive correlation between conscientiousness and the frequency at which workers returned their attention to a hazardous situation indicates that people who are more conscientious are likely to be more attentive to hazards than those who are less conscientious. The supplemental analysis (H 02 ) carried out on the data found that the group of workers who are less conscientious allocated less attention to hazards. This finding is supported by the theory of conscientiousness at work presented by Viswesvaran and Ones (2008) , who found that highly conscientious individuals focus more attention on exploring their tasks. The significant thoroughness in hazard identification expressed by the highly conscientious group is exhibited in their systematic attentional distribution in balancing between focused and distributed attention. The results of our study are also consistent with empirical studies that have found the role of conscientiousness in individual's safety performance and accident involvement (e.g., Arthur and Graziano 1996; Cellar et al. 2001; Clarke and Robertson 2005) . Conscientious people are better at taking care of themselves, whereas the unconscientious ones-who are careless, unreliable, or easily distracted-usually fail to follow the rules and regulations at work and are more vulnerable to cognitive failures that, in turn, are predictive of workplace accidents. More conscientious workers may engage less frequently in risk-taking behavior and may avoid dangerous situations by allocating sufficient attention to identifying a hazard in advance.
Our finding pertaining to conscientiousness also suggests that selecting highly conscientious workers might be a viable approach to enhancing construction safety. These workers may better distribute their limited attentional resources to identify surrounding hazards. Beyond selection implications, this study highlights the critical role of safety managers in developing training and intervention techniques for modifying workers' conscientiousness traits because behavior associated with conscientiousness is wellestablished as being able to be improved, especially via training that emphasizes "rule-following" and "attention to detail" (Arthur and Doverspike 2001) .
Neuroticism
This study found no significant correlations between neuroticism and attention measures. Previous studies showed that emotionally stable people are calm, unenvious, or relaxed, and this trait can be used as a valid predictor of job performance (Teng et al. 2009; Clarke and Robertson 2005) . However, after dividing the workers into groups and comparing the less neurotic group with the more neurotic group, we found that the influence of workers' neuroticism on their attentional distribution and hazard identification was not significant as related to construction workers. One justification for this finding is that neuroticism is associated with maintaining rational thought and being free from negative emotions in decision making (Yang and Wang 2001) . Therefore, the consequence of instability is revealed in reactions and decisions. Comparatively, the scope of the current study is limited to the recognition of hazards, which does not relate to behavioral response and may justify the nonsignificant result. However, the authors recommend expanding the scope of this study in future research to examine the impact of emotional stability traits on reaction and the decision making of workers when exposed to a hazardous situation. For more information on the impact of the neuroticism personality dimension on decision making in a real-world construction site with a hazardous situation, see Hasanzadeh et al. (2018b) .
Openness to Experience
Openness to experience is the least studied trait in relation to safety behavior and accident involvement. Moreover, contradictory results were observed in previous studies, which makes it difficult to have an assertive prediction regarding this trait. Individuals who are highly open to experience exhibit an attraction to new ideas and pursue opportunities to address ambiguous situations (Liao and Lee 2009) .
The results of the present study show that people with higher scores on openness traits returned their attention to the hazardous areas of scenes more frequently than people with lower scores on openness personality traits, perhaps suggesting that individuals who scored higher on openness actively sought information in the surrounding environment by processing the cues longer and in a more in-depth manner. This finding is in line with the findings of Matsumoto et al. (2010) and Rauthmann et al. (2012) , which indicated that highly open individuals allocate more attention and deeper processing to the scene to obtain information from the hazardous stimulus. The current results might also reasonably be viewed from the standpoint of how the personal attribute of openness relates to providing a balance between focusing and distributing attention (i.e., the balance between fixation and run count).
Cross Comparison of Safety Knowledge on Personality Characteristics
To further examine the role of personality in accident occurrence, this study conducted a cross comparison between indicators of safety knowledge (i.e., work experience, training, and past injury exposure, as taken from the demographics survey) and workers' personality groups (Table 5 ). All individuals identified in this study as being highly extroverted and open (i.e., those with a greater risk propensity and higher inclination to engage in risky behavior) had previously received safety training. This finding demonstrates that previous safety training did not achieve the desired level of improvement in workers' hazard identification skills. This study showed that even after providing OSHA training, extroverted workers still failed to identify hazards and were more likely to take risks.
The distribution of safety knowledge across high and low agreeable groups also manifested no significant difference. This finding reveals that obtaining safety knowledge through exposure, experience, and training did not necessarily improve the teamwork skills of workers because cooperation and teamwork are rarely emphasized in conventional safety training. A single disagreeable member exposes himself or herself and others to hazards and may be enough to degrade the team's capability to work cooperatively (Zohar 2011 ), suggesting that for project managers to evaluate and consider prosocial personality traits when making a selection may have particular value. Therefore, organizational interventions must be used to activate a worker's desires for communion and cooperation to improve safety-related behavior (Beus et al. 2015) .
In terms of the conscientiousness trait, Table 5 indicates that workers who have obtained their safety knowledge through work experience and injury exposure are more conscientious, which is well-aligned with the previous study conducted by Hasanzadeh et al. (2017b) . The study by Hasanzadeh et al. (2017b) confirmed that years of experience and injury exposure significantly improve workers' hazard identification and that these individuals may engage in less risk-taking behavior and may avoid dangerous situations by allocating sufficient attention to identifying a hazard in advance. The interesting point unearthed in this cross comparison is that, although gaining more experience will increase workers' consciousness, individuals who have more than 10 years of experience reported lower consciousness and indicated lower performance in the hazard identification experiment. Previous studies verified this finding that lower consciousness and more cognitive failure are more likely to occur among highly experienced individuals or under familiar conditions in which task are automated (e.g., Reason and Lucas 1984; Heckhausen and Beckmann 1990; Wallace and Vodanovich 2003; Zhao et al. 2009 ).
The descriptive statistics show that past injury exposure (i.e., either being injured or observing someone else being injured) affects workers' emotional stability (i.e., self-reported neuroticism level). However, the previous study by Hasanzadeh et al. (2017a) indicated that workers with past injury exposure identify related hazards faster, but the psychological consequence of this experience must not be undermined. These findings illustrate that safety knowledge must not be the only criterion in the selection process and personality assessment must also be taken into account.
Conclusions
The construction industry is one of the most hazardous industries, and the cause of most accidents is beyond the employee's control, with previous studies identifying skill-based (e.g., attention failure) and perceptual-based (e.g., failure to identify and misperceptions) errors as the main contributors to accidents. Accordingly, the identification of variables that impact a worker's attention is important to construction safety. A large number of studies indicated the impact of personality on accident involvement and suggested a potential relationship between personality and cognitive failures. However, no study has experimentally investigated the relationships between personality and attention in a construction safety context. Using personality questionnaire data and continuous monitoring of workers' attention via an eye-tracking experiment, this study addressed this knowledge gap by testing two major hypotheses using different statistical analyses. The results indicated significant relationships between certain personality traits and attentional allocation when workers are searching for hazards. Specifically, extraversion, conscientiousness, and openness to experience were significantly related to attentional allocation and search strategies of workers exposed to fall hazards. Workers who are introverted (less extroverted), more conscientiousness, and more open to experience distribute their limited attentional resources more properly to identify fall hazards within images.
The results of the cross-comparison of safety knowledge, demographics, and personality characteristics verified that providing conventional safety training cannot enhance a worker's desires for communion and cooperation to improve safety-related behavior, which is the employer's/project manager's responsibility to, first, consider prosocial personality traits when making a selection and, second, provide organizational interventions to facilitate communication and cooperation among the crew. Moreover, although obtaining safety knowledge through work experience and injury exposure can enhance a worker's conscious-awareness, highly experienced workers are at-risk because of the absence of mind, lower consciousness, and more cognitive failure when these tasks become automatic. This study also warns project managers about the psychological consequences of a worker's past injury exposure on their personality characteristics and safety-related behavior. Therefore, both safety knowledge and personality assessment need to be considered in the selection criteria for the high-risk task. This study provides a significant contribution to both academia and practice. Regarding academia, this study is one of the early attempts to determine the relationship between personality traits and attentional allocation to identify what contributes to the subsequent involvement of people in accidents. In other words, when relating personality to safety, this study indicates the importance of distinguishing between workers who are injury prone (one's propensity to experience an injury) versus injury preventive (one's willingness to participate in an injury-prevention effort) by monitoring their attentional distribution. A better understanding of these connections will lay a foundation for developing a worker's behavioral models to predict the likelihood of human error or unsafe behavior at a construction site.
Regarding contribution to practice, the results of this study provide the scientific basis for developing safety solutions and training materials according to workers' unique experiences and personality backgrounds. Given that the outcomes of this research show relationships between personality traits and attention, certain types of workers are safer (better in identifying hazards) than others. Therefore, construction companies may consider selection systems to identify the employees who potentially have lower attentiveness via personality assessment surveys. In response, project managers can assign extroverted, less conscientiousness, and/or less open to experience workers to less cognitively demanding tasks or provide focused training for distracted workers. Foreseeably, the understandings resulting from this study can play a prominent role in transforming the current training and educational practices by providing personalized safety guidelines and by developing much more effective training materials in the future.
Limitations and Future Studies
Some limitations exist related to this research that can be addressed by future studies. First, the current study considered each of the personality traits separately to study each trait's impact on attention measures. A future study might investigate the possible combination of personality characteristics that may impact workers' attentional allocation and hazard identification. Second, the present study has not considered the impact of variables, such as workers' safety knowledge, workers' training, job routinization, and fatigue, all of which may impact attention. Future studies must identify and examine the effect of possible moderators on the relationship between personality traits and workers' attentiveness. Third, the sample used in this feasibility study may limit the generalizability of the findings because workers were recruited only from Lincoln and Omaha, Nebraska. Although this study met the sample size requirement for an eye-tracking study and for statistical analysis, future studies might replicate this study in other geographical regions and increase the number of participants to address this limitation. Future studies would benefit from combining all of these important internal factors when determining the factors that are correlated with construction accidents. Fourth, this study examined workers' gaze behavior toward static images rather than toward a real-world construction site. Future studies might design an eye-tracking experiment on an actual construction site using a mobile eye-tracker to determine the extent to which dynamic settings change these results. Fifth, most participants in this study were male. Future studies should be conducted to understand the role of gender in attentional distribution of construction workers. Lastly, traits of agreeableness and openness to experience can be influenced by job-related factors in organizational contexts. However, in this study, the role of personality traits was examined in isolated individual sessions in which there was no influence from coworkers or an organization. Therefore, future studies should examine the association between the safety performance of crews and the level of agreeableness and determine the importance of openness in different organizational cultures.
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